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sg 1 £mjz.z}m2mm*nm?%m®i!:m+rc£ £*m 

t> luiem i mmRzfm 2 =1 ysmt- e & 
y , c n e <oki 1 mm t m 2 s^iigMbss^ l 

[it am 3 ] isaRjs 1 \zim<Dmm»±&'\'v kk*s^ 

T> WES 1 =i>BfifrSft»A S5IBM2S 

[if 4 ] it 1 nm 3 ot^-rnASEgBKojftj* 
[f&aas 5 ] if 1 nm 3 ©^?>i*H;:!BK©;$a 

fulBMI *«<tM 2 S^tcDjf Affile, ttj|gS£Jfcfig 

Lfcctsrwwt-r^jsatta^y k» 
[if 6 ] aran 1 nm 3 <ot^r+i*i»ic!3K©?«* 

P±ai^-y Ktcj3l/>T\ ffis&ifoS&(DgM<DPW'J>l£< £*> 
BuiBSlS«BtS2S«t<Dj$^ffilC i/UJ>ifc 

[if 7 ] if m.m 6 icE«©j«-a«:m^ ■> ncfci^ 

T\ busB v U H >8HbflS©l?*# 5 0 0 n m&ids*.^ 
Ci*1t«t^-*}«»tta^y Ko 

8 ] fl!$£ 1 TIM 7 ©cmascSBIBOjSS 

[000 1] 
[0 0 0 2] 

tr. ) tcffll^StiS-fV^xy KGS£H(c£H-«'f 

v^v^x-y h^'y K<t LTv -<>^as5^p±ai-r*yx/i/ 



T-p±m^i*i-f >^«-ijnE try x;ufr s-f >?-;s£p±aj 

[000 3] «£*©Stt«*JBl/»3'r>*5>x'y h^y 
[0004] <hcl^>T\ -f>^v>'x-y h^';/ RcJJl^T 

ii. ;68?jgfB£i* BiBKlB»*:fT3 fca&fc* /X;i/&tf 
jS£*Sffl8fcE*r*E<!:JtftESefcSS. *CT, fll 
AHffcfl VSl^vy K<k LTv i|f 1 1 -1 9 8 3 8 5 
^SE&^clBK^-ftTl^^K* aaa/X/bST' 
*ttfctt»5<JE»U £V X/HcttJftT *jjES*>*R5U 
IBB LTv «»£<DMfl!lK^;&£$EB?%^#a 

etin^o 

[0 0 0 5] $fcs flS-f^^vi'y^yFiiLt 
«I5L«1#BII 3 F6 - 7 1 8 8 2 9&WM$M¥ 5-5 
0 6 0 1 ^ii?glv:^T*-ti.Tt^J:aic. DiaiMStfSi 

Ei«g^fl5^-rssi steles/ yn>s®«fflt\ ms^ 

W ^>->y=l>St5^^T, miS*5c!:m2 

3o 

[0006] * etc, ^*cT)fS^§J-f >-57i>-x'y h^-y 
Ki LTl*. eyx.l#^B3¥ 1 0-2 9 1 3 22 ^ii$SU: 

*5*W^li: «*: -3 T^fL L^l^ J: 5 'J □ >mntm 
L/cttD, aU^ti^W 1 0 — 2 6 4 3 8 3^ii$glC|B 

fc t © ^ t :& a 6 n t ^ ^ „ 

[0 0 0 7] 

-Jji-y h'N-y K©J:5lc, IMkoyX/l/*^ *ttlc«l» 

§y Xincwjsr^jaataawEBLTv 

[0 0 0 8] $fc. ±aLfc«BlE©-r>^5?iv hA* 

a*Kitfc»^ *®j8^iB3fii«-rvf tci«*n*ctJE 

^5o 

[0009] £czt>\ mi±<D'f> j >-imn&. mnm 
im&r* *©«fei4a:ir»i4<ofi*^s, pH9~hs 

JS©7 7 yU*ytt'r>">^<v ilcD<J;3^7 , ;U*yi4© 
Wf-rv^jBMEtonT^*. -7J. iEjffl*^^ KffiS 

^^ffli^fcjg^Wffii*-> y □ ><t-> y =1 vBHbiiia&si'' 



(3) 
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£J:5tc, *©HWH3B { <J:y**<»a OS*) L-Tfr 

* , oisciiMroic^&vsa&o):?* -y xks 

T-T V * tfjffiA L T L £ l\ 'Vy K<h LT eolith Jg ft 

[0 0 10] *S5^t*±SB<Ojn[fcaE*T35:#nfc , b©"P 

BiyooH«jRtt*i«ii±r*C<!:eaWi:r«. 
[0 0 1 1 ] 

i»fit«Bi#s*H^*«2B«t*a»u ens 

[0 0 12] *11fiatf*2lfitti/'Ja> 

»->yav«fi» f2SSifl'7XSKflMLi, c 
tiecom 1 mmtm 2 seuwatt c t #t* 

[0 0 13] ^SgC0ll®C0l*lC0'>S<<?:tSl» 

<Dfi<D'pt£ < ttS 1 SS<b!fl 2 3S<t<Di$ft#®U:, 
ffi<B(*3©'J>ft< .fctlg 1 SS<tlg 2 SS<t coffin® 

-vypviHb&srafSt^cttfWSUA, C<Di§ 

£\ v y =1 >&fbflgCDJ5£# 5 0 0 n m^iAS^i: i: 
[0 0 14] $fc. EftS©*}R»ti:W'vy Ri, tttti 

m<DBm*BtiM-*Wtti&£* c©jafo«i;:wiRi-r*« 

[0 0 15] 

icmz-fywiL-y h'vy Kco»fsf4m^m> 12121* 
K©aaB«je#*iRi<DBarai;*BriHiaT*s. 

[0 0 16] CflD-fV^xy l-'vy Ri, Sa B B E*fi 

(110) <Dmmik~> y p vassm^fc* 1 sst-2d 

Stt(110)Xtt(100) fl!>JMglL->yp>««* 

b i^fcS 2 gSTfc 3 muss 2 <b , ^ssas 1 co±#j 
*ntairsai»<oyx/u4» #/x;u4#siif so 



[0 0 17] 3&SSSS1 ICtt/X/U 4 
R±tti^ 6 &l>'CCDP±iii^ 6 (DSfflTJ&S^as^fef sa 
SI 0 («fi.*3*feZV5) *»fi8r*D3»*JBJ«LT 
ecOiJiEESSSl t*s fclittf (1 1 0) WkMt% 

*KiBB7l?PVSSIWB*»«U H®SS 2 <fc iSffiJg^- 
LfcSt. RtaS6£&*HS*KOH*»*&,!f©xy 

* v srasfli ^ us ttx y * > 3 c <t ic <fe y , £ 
CO £ Z n V SORJitfi -y ?=■ > ?X h7 7°I<t% 

[0 0 1 8] ttS££2fc(ip£!alil/>ttn£J0)« 
»*>' y =1 >SS£ffll^T, Jftttfcj£& £T*BHbE 2 a 
*fl&aU C©«HbB2alclHSB1 4*mffiLT, CCD 
H»1 4fiIIClft«1 0lE»fiir*«ai 5 £181*. 
jS»Sl 0<bm®1 5 £<Dffi1,C#*yyi 6®&SU 
ZnSCDjgUlSl OilSl 5 <hlC«fcoT7 7 ? : ?-:LX- 

[0 0 19] mfiii 5SEKliSiC>2flS&£C0K<bflg& 

*fe*§®, s i 3 n £*(Dmm%mi»mfr a s ^mik 

fflll 7*fiBKLT^S. «S1 5«Hlti|ifi#flSl 

7*fl5figLS^T% SHS1 0«c$eeM^mfiKir5e 
ttT'JS. H^SS2C0ffi®1 5<bLTt*. 

fflt^Stl^A K Cr> N i ^C0ftjl^*4-¥>, T i, T 
[0 0 2 0] fU. cn5«3M8»«1 imffiSS2 

y p >—> y p >comgs^T-&£- lti^» c 
neco-^fisss 1 twmmm 2 izimm^ sizmcz 

ss 1 <bmess 2 oD^mt y p 
[0021] yx;Wfi3ictt, ^aoyX/l/4€=WJB 

<03W*ffittSP7 ^fl5^t-^^P^ff^LTl^c CCD/ 
^/i:. yXVUS3li, XtVUXSI (SUS) . 
•y+Sg, ?Ky-T5 K*coffl^tcx+->^b— •f-Hol* 
CO, ftH*t»JMJItcaWILfc J £>(0*£f*fflt"»«Citi { 
[0 0 2 2] CCO-O^v-'x-y h'N-y Ft*, /X7l/4=& 

cco§/x;i/4ic3tft5LTfl±aiS6, mm 
«1 (K wffii 5%^t-5iJiBMLs *yx;ufy©** 
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mm8iz-<y<7 * -r > -JM&i&p 9 1 & zmmK 
-ty^zmv mtTim? zmmzum ltu5. 

[0 0 2 3] CtUC«fc l A §P±iij^6'\CD'f 

#. /j«i<b» ffiuxubtrians. 3=fc* -<v?0«en 

[0 0 2 4] •?• LTs U1 Slifl-awcESLTtttt* 
K») 15a<tU EftK'vy FIEIS0S8T* 

[0 0 2 5] CWJ^lcHtoBLfc'rv^v'x-J' h'Ny K 

icfc^ruu ^kj«i o«am^Liii sihibi 

m®i LT. MifiS 1 0 £tt« 1 5 &«DNtdEtt-3ft&* 
mtl (MWRtiW) #»£LT* SttSl OtfWll 5 

8 j^sntas 6 icy tf*E**n*. 
[0026] hi s'xromiEEniin^ifroi, 

[0027] :*ic, *&fao)m2mtmmm*'f>9 

6oTl^«Ifi1 £«S»«2i:(D»&|?ffi*$fc 
RiSftl 9 COitH&tflilfrflS 1 0<£P±iiJ^#Jffi 

>*ic»*-*Eicj»»fcs?S'y=i>iMfcffl3 1 zmm 

[0 0 2 8] CCDi§£\ ->y=!V&lbB§3 1 4)9191*5 
OOnm^ig^utAW^LU. "T^fc-Sv Mil 7^ 
1 9 <DM®tc -> y =1 >mtm 3 1 ZBl&TZWi-S. mm 
15 1 0 ©P±ttMIJro® let •> U =l V^-fbBS 3 1 tfiflSfigS 
ti«£* flBHEl 0»c»-f >^tt*»fc«Ci#T* 
5tflX0, f6*->U3>BMbM3 1 CJDJStfjTStttE 1 o 
#SBB*-*fc*titf**. VIME1 0©JP**2MmJM 
TicLftVds *»fc«J:3^ -> y =1 >BMbK 3 1 CDBM 
I<f5 0 0nm*a«i, flMfttlCBItfSCiC 
£*WKLfc. ->Ua>BMblB3 l<DMJ»tt5 

0 0 nmJSTFlc-r 5 E LtMOT**. 



[0 0 2 9] CCDJ^U:, 9 <7>3ifB&»461 

<t masts 2 t©»$niH**tss»»ic5/y nvWkJK 
2 1 *jBfi8r*ct(c«fcy» 3kbs«i imas«2<!: 

£ mUSffi 2 £ CO » ftfflTO-r > * K «t SMIBJBfttf 

[0030] ;^tc, ^mm<Dm3mmnmicm^>^y<7 

3<, Z4>JtttMtt* /WU7^Xf77 
77) W&«Al^T)ll2»&?aS3WiStii2 2«&j£ 
U M1 S*5TS^->'J=l>Stg^635:^^S«1 <h 
«2£«-?$3WSS1&2 2 LTt* 

[003 1] f LT» «il>fi^8'\C0-1'V-J'«it&P9i: 

Jlilftl 9<DHBIKX*if->»lgjb x 6a:*»flg«2 3* 

(canBH2 3 JSiawktRr 

[0 0 3 2] ECD<fc-5tt:, g2lfiic*7Xli?ffl^ 
£E£T{g=i7. Mb£Elft3o S/c. <>-7#t$aP9co 
•^SSS«1 <h»2*S2£C0^W® ; &^trgP»lc^/lg 

ii 2 3 «sar « c £ lei y , jTSs&sts 1 tssstg 2 
i^mia-rsasTti 9^fB^L^nv -ssss*g 

[0 0 3 3] *««3©*4 j|S»B»K«*-f 

>>'x<y h-'s-y Klc-p^TI2l6«#tlLTitt^-r« 0 ^ 

Sotl^SjI^i 9<K>mm\,z.mit^^y ct i n) 

[0 0 3 4] ECOcfc^l^ -0^«ttSP9©-3IB8atSl 
£H»«2 £<B»^fWE££fcaHNcSfl;^* >«2 

JGifSHififtl 9^^fiKLfcJl^T- i fcv <b 
m®S«g 2 £ COS^S® T<D -f y 1 ic .J: 5 MtNUgfttflft 
ih**l, ^B#W^fl3i1±A^rRi±-r?)o T i NMte 

[0035] *mm&5mmBmicm%'<y? 

fc\ I^HltilD^'y KflDjTO6fi#*iRKD»fEattWBI'^* 

cico^jis^ffii*, nmmm8^cD^y^mmn9 1 

fto7V3*Sft1 9C0il®tCA6o?-;^fflLNTN i 
(SJfttC r) 1&2 e&BmLt&OT'&Zo 
[0 0 3 6] C1C0J:31C. -T>^«l&P9©3iffia«1 
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SRHMHE1 tWBMR2fc©»^iWlTfl!)-r>^t=J:* 
NNUR*#Nrik&ru WSWfcfilBtttfGU-r*. W 

»&*B»ttU: ft LT tela**- * 
[0 0 3 7] C©*i^» *-y*m<DltZZ'*-lWSR*Vj 

fiR-TSW^lcW:. MSB Lf"> U □ VWb»hK»flW* 

ttttfuasr s z.£.\z&r> t&mm tm & % wtmitm 
mzmfiL? %£.£?■> tf>*-;uftHS*i«±LTa«a 

[0 0 3 8] rftfo*, ±xELfeBfb^*>Bl2 5-¥>N 
i aEUMiC rm^7+WxT. T K Al> Si. 

XliCftS<&&B©HHb»l<Dffl!, 5BIH4, &H& fifb 

ssffi* BHb£H£<o 2 w±oaa©«WBffi*jKfi8r s c 

[0 0 3 9] M2HSgfl5HI<D-r>-?v ; x'y h'vy 

K<Ol!i3axeiCO^TS87lSEI1 1 **ISHLTttBT 
[H1 O&tfEII 1ttl219©IglC^<Xg-Z? 

— aj*ss*LT5*LTi/»*o s-r. *ss£2 

©KiI*;£tco^TUiR§-r^>, 118 (a) fcijVr<J:3 

{gjgj/i; D a D <h LTIS^ftTC^ pSiaJMSA-;/ U =1 
>T\ ffi&ffifl 5 (110) $fcl4 (10 0) T'SSUffi 
*«2±UU ^x-y h»*tH4K5-fOr»«MbatE«fc-3 
T««K«fc**>' 'J =1 V»fbfflt 2 a 3&*tj2ju m 

[0 0 4 0] C4)gHbfl£2 a<DJ?3:l4, SUl 5<t~>y 
=1 > -7 x/\<fc<0«*tt*^tttf M«*ft*JP;Sr TS&tltf 
1 ~3/jm*MlttfjgS-C ; aD3o £1JIT14x 

[0 04 1] HHl^Ts IHEl (b) lc^"T4:5lc, m*is 
tS2 t^^Oxyxtc^;*- H/i>'Xh^MU W.ffi*B 

/W-vm^iLT, *Hb7*V^=*Aft£©«« 
fiS#*5fc8{b*JIK8jt (ffil^tfv ^*>IIg : BH 
F-63U (iSS,*) &<i?) fcflll^T. ->U3>|WbBl2a 

[0042] cot^ocagpi 4rony&3'a (as*) 
t4, mmmwm^t. mmi s^simsi o<t<DP^ic 

WTi'>6l^T\ *<b*3lSjSjS*fflt''fc^xy hi7 

^v^iCcfcssgy&wcfcuTfc, ^i/\BBrtofflya 
[0043] mm (c) ic^^-pic. m*i*tf 



if4<b^:^^$£ B B H ->y 3>fflt£i&3 0 0 nnKD/P^Tlcttlg 
JjPXLTttfil 5 5-Hgpi 4lS®lCJKBg-r5o £ 

c THt. *mvntf k— b>7"?ftft# y v y =1 

•fb^'? VCD* 3 ^«t403-tr v 5 >y X^m@<t LTt 

[0 0 4 4] mill (d) lc5Vf<fc5t^ SUS 

«2±<01Mbl8t**i«LTs ca)»b«*/^-->^ 

-rsc^icctys mm s*«ar«/s:a&©«goii 7 

[0 0 4 5] — HI 9 (a) IC/tVTJ:-?^ 3KS&£*5 

1 4LTpa©ftt*S?» (110) amft'Si&ftl 

mmmmo-> y =1 3 1 us Lfc„ c -5 
-> y □ ym&^mt* smt. s> y =i x >y h x 

^ffifcJfc^HffifcJtiifi©^**^ (5X 1 019 
JK?/cm3u±) 3fc> Eft*jgtt<bU mj&D2E* 
OHMS©**) *Ttt»*-STBaifi#nvJt««3 

2 %:¥ii$L-tZ> a 

[0 0 4 6] ^M!ta£D5iAlCl4<Jt , P>*^7.^ffi 

[0 0 4 7] ^LTx W«MLft>")3>9i/\ 
£Ra{jlT\ 0. 2 nmJ-XTtCJPX-r^o Ctll4s 

%o : &A&mz&-oT. ->y 3V7iMiositfSEnT 

0 1 jumSJST-ftlA, C«DWJ8S14, ->'j3>"?i/\0 

»ttw*tt±w ©iatt < in uT-s y . ffwicnaiji 

[0 0 4 8] jSUT, S"Jzi>S*g3 1 <tSffiS*2i: 
*»^f*. 0J?U4\ 2SRC A^T^ 

[0049] LTv dtL6C0St53 1 . 2^?l-yx> 

?->3>777h^m £^lm4, 3oe>A x L:a6 

Z^-r^Vh^-^^ffiLTfc*. #IS3 1, 2^- 
S^L^-rSo *>h#5£7L.fcSffi3 1% 2 

^R^^^ y/^-*lCs»AL, 1 x 1 0-3mba rKT 

[0 0 5 0] «^T. ^S£3 K 2 (DT^-f / > I- ft 
rnft^J: 5 3&«^T\ x/ v&ff * CiT' 
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[0051] ?sic, z(D'&, asy^tj-a-fc'jx/xsB 

Zfttco Z.(Ot^amm^&it. 800~1 2000t 

[0052] «^^x;\*e«s^ajLfc»v rih 

(b) KS5t.t3K. 5/ U □ >»fi 3 1 ©WB!I. ffi«» 
CMP?0¥SICJ:?T, v"JP>Stfi3 1 
1 0 OjumlcST'SK (jSSiS* : &ig<) CfflJ: 

/\©J«r*SK Lit, jES»$fc«fc-3T»$Lrt:fHB 

*9 5±5fim*!ia-3TBf«U jSSinifcfiSLT'fefsi 
SEgillcftSftfro/co 
[0 0 5 3] CODt^^SSS-tix ifc^bvhSXfto 
fcC£KJ:*S^iafii;<!:LT«<#£» WU^Ify h 

~ 1 0 0 ^ m^F^, W(C 9 0 ju mftfifiTfll*ft1£*f§* 

[0054] tt^Ts mm (c) icavr*?^ 

WcfciSHTflDxv ^ v <f / « g T 7 ■ <k * « -> U 3 V 
Htl3 4a> 34b«CVDS^MT*!l100n 
nKDJSSlcrafiWS. LTx IQB (d) iCjjVfJ:? 
ICs ««»« 2 -VldHLT* **WS7 7 ^-f 

^vh^astm^ mfiBSffi2ffiijic-r>^«^p 

9,fcft£->'J=l>g<bJ!I3 4 b<D/\°-Sf->^ffJfiE-r^o 
[0 0 5 5] E(0«fi£H»Sfl!>*»{bay* 
8 0 °C lc flQft L tc 3 0 %aUE K O H ?§ 
») +fc»3IU 5"J3> (*«»&2) ©Jt&ftiy 
f>«cWCt TBf M<75 -T > * <«&P 9 ©JfcttlC I y 
^>^-T5„ CCDtZ. ««*K2©->'j3><Diefttt 

<b (Dm-SM \ztt±tZ> -> 'J 3 >BMfc§t£ J: o T i BUXJfc 

[0 0 5 6] #:IC, H1 0 (a) KijVriatCv ^"^ 
V*ffi 3 1 ±(0 v"J =1 >g<bJ3M 3 4 a tc, jfc^ 6 , «il 
Wf/tv K1 5 aH3tJST«ffi#£ft3/«»- 

U =l >S45 3 1 ^Su§3iS;SJS©*^b* 'J ? A ( K O 
H) U ->'J3>©**1£x 

5 c t -pma©j«a 6 , atom 8 , / «■> kmp»*s» 



#P >13 2 fctiSHcx -y ^ b- h U ~*UC<£ 
f iSi8Jg*P>S3 2frSft5«ibt51 OtfiWtJttcff? 

[0057] 3<D<b^. jtianinui:-rv*#ie 
p 9 tjtfmjx y > tc $ e> z. t ic a £ t\ 

-> U =1 XDJKHfl^ltlC cfc-pT* X -y ^ > ytffflJlfiia-ft 

^ ftjiiii >y * > ^t*5&<t*ss - e -r\ -r >^ftt$gp 9 © 

ratti^foSCtteftlA, 
[0 0 5 8] IHia (b) lC^-rj;5tC s 7 7i 

jSjSic«toT->U3>«<biB*i»a£U raia (c) ic^ 

f <fc ? tc % K =i << x «y ^ > ^§ t-OD^jST-f > ^ #a&n 
91C»*K5MI#P>J13 2*I«SLT. O^P 

[0 0 5 9] #HC, H11 (a) ic^-rjcaic. 

x v HfcfblCfc oT»t LTaffilC-> 'J P >mt 

?9 5ot, 3o»awkr*ct(c<fcoT, »s^E(c 

JS— (C -> U □ VKfblB 2 1 Lf=o Z<D£Z<Di"J 

P>^bl3i2 10)^*1*4 0 0 nmiLft. cnicd; 
»J» Ltc£ die, ->yp>BtfbSi2 I #9hmhei 

title. 5/'Ja>»kffl|2 1 (D*>-?ifcMz 
£-?TMmmi Ogftft^JKLTCiSrBS^-rSo 
[0 0 6 0] ClCD&lSlC^oT. <>^TOP9(0iS 
(ctt63UMME 1 tSffiSS 2 £©Stel?Ett: , fe>' 'J a 
>®fbflS2 1 #a*U ffi^W®^«3J:-5lcKfb3-n 

[006 1] g^tc, (b) (cjjvrj:-5ic, m«/\° 
>y KSP 1 5 a IC^-T «S«g*P >S 3 2 U □ > 
SKbfil2 1 mTVX^iyfy^jSlcJcoTi 
■y fy^HP Lv 0^ L&l^/ X;US 3 LTmM 

[0 0 6 2] 3felC, *3*!BBttlC«*-f V^S^iv l> 
^\-y KOiSfiglSlc-p^Titt^-r 5 B ft S3, 

[0 0 6 3] $"Ts m@S«2 2<bft£#5X»g<!:L 

Xh61*U «S1 5^ffJfig-r^/c46<Dy\°^-->y 
S^5o ^LT. hbv^X 
<b LTv ^<b7'> : E-r7Aft^i!SffijS»^$t^b7j< 
X»« y-r*VI«H: BHF-63Ufti, So a a 
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(54) INK DROP EJECTING HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ink jet head which can be compactified 
and can be enhanced in resistance to liquid contactas to the ink jet head which is 
equipped with a nozzle for ejecting ink dropsan ejecting chamber communicating with 
the nozzlea vibration plate forming a wall face of the ejecting chamber and a driving 
means for changing the shape of the vibration plateand ejects ink drops from the 
nozzle by pressurizing ink in the ejecting chamber by driving the driving means. 
SOLUTION: A flow path substrate 1 having a vibration plate 10 and an electrode 
substrate 2 having an electrode 15 are laminated. An ink supplying aperture 9 passing 
through the flow path substrate 1 and the electrode substrate 15 is formed and a 
silicon oxide film 21 is formed on the wall face of the ink supplying aperture 9. 



CLAIMS 



[Claim(s)] 

[Claim 1]A nozzle which carries out the regurgitation of the drop. 

A regurgitation room which this nozzle opens for free passage. 

A diaphragm which forms a part of wall surface of this regurgitation room. 

A driving means made to change this diaphragm. 

It is the droplet discharge head provided with the abovethe 1st substrate that 
provides said diaphragmand the 2nd substrate that establishes said driving means 
were laminatedand a channel which penetrates these 1st substrate and 2nd substrate 
was provided. 



[Claim 2]A droplet discharge headwherein said 1st substrate and the 2nd substrate 
consist of silicon substrates and these 1st substrate and 2nd substrate are directly 
joined via an oxide film in the droplet discharge head according to claim 1. 
[Claim 3]A droplet discharge headwherein said 1st substrate consists of silicon 
substratessaid 2nd substrate consists of glass substrates in the droplet discharge 
head according to claim 1 and anode joining of these 1st substrate and 2nd substrate 
is carried out. 

[Claim 4]In the droplet discharge head according to any one of claims 1 to 3it is a 
droplet discharge head of the wall surfaces of said channel which carries out a metal 
membranea film of a metaled nitridea film of a metaled oxideor these things [ having 
formed two or more cascade screens even if small ] to a joining interface of said 1st 
substrate and the 2nd substrate with the feature at least. 

[Claim 5]A droplet discharge head characterized by a thing of the wall surfaces of 
said channel for which a resin layer was formed in a joining interface of said 1st 
substrate and the 2nd substrate at least in the droplet discharge head according to 
any one of claims 1 to 3. 

[Claim 6]A droplet discharge head characterized by a thing of the wall surfaces of 
said channel for which silicon oxide was formed in a joining interface of said 1st 
substrate and the 2nd substrate at least in the droplet discharge head according to 
any one of claims 1 to 3. 

[Claim 7]A droplet discharge headwherein thickness of said silicon oxide does not 
exceed 500 nm in the droplet discharge head according to claim 6. 
[Claim 8]The droplet discharge head according to any one of claims 1 to 7 which is 
provided with the following and characterized by carrying out deformed displacement 
of the diaphragm by electrostatic force. 

A diaphragm which forms a wall surface of a regurgitation room. 
An electrode which counters this diaphragm. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to a droplet discharge head. 
[0002] 

[Description of the Prior Art]Generally as an ink jet head in the ink-jet recording 
device used for image recorders (an image forming device is included.)such as a 
printera facsimilea reproducing unitand a plotterThe nozzle which carries out the 
regurgitation of the ink dropletand the regurgitation room (called an ink passagean ink 



chambera pressure chambera pressurized rooman application-of-pressure fluid 
chamberetc.) which this nozzle opens for free passagelt has a diaphragm which forms 
the wall surface of a regurgitation roomand a driving means made to change this 
diaphragmand there is a thing which pressurizes regurgitation indoor ink by driving a 
driving meansand makes an ink droplet breathe out from a nozzle. 
[0003] As an ink jet head using the conventional diaphragmThe thing of a piezo mold 
which makes an ink droplet breathe out by carrying out deformed displacement of the 
diaphragm which forms the wall surface of a regurgitation room using a piezoelectric 
elementThere are a thing of an electrostatic type etc. which make an ink droplet 
breathe out by carrying out deformed displacement of the diaphragm by electrostatic 
force using the diaphragm (or electrode of this and one) and electrode which form the 
wall surface of a regurgitation room. 

[0004]By the wayin an ink jet headin order to perform high density recording and 
high-definition recordit is necessary to arrange a nozzle and a fluid chamber with high 
density. Thenfor example as a piezo mold headpluraHines arrangement of two or 
more nozzles is carried out alternatelythe fluid chamber corresponding to each nozzle 
also carries out pluraHines arrangementand the composition which arranges a 
common fluid chamber on both sides of each fluid chamber is known as indicated to 
JP11-198385A etc. 

[0005]As an electrostatic type ink jet headFor exampleas indicated by JP6-71882A 
and JP5-50601AA silicon substrate is used for the 1st substrate that forms a 
regurgitation room and a diaphragmborosilicate glass (Pyrex (registered trademark) 
glass) and a silicon substrate are used for the 2nd substrate that provides an 
electrodeand what joined the 1st substrate and the 2nd substrate by anode joining or 
junction directly is known. 

[0006]As a conventional electrostatic type ink jet headFor examplea thing which the 
silicon thin plate used for the diaphragm does not punch in ink as indicated by JP10- 
291322A and which carried out the silicon oxidizing filmOr what formed a nickel 
oxidation film and silicon oxide in the ink passageand has improved the wettability to 
ink as indicated to JP10-264383A is known. 
[0007] 

[Problem(s) to be Solved by the Invention]Like the conventional ink jet head 
mentioned aboveplural-lines arrangement of two or more nozzles is carried out 
alternatelythe fluid chamber corresponding to each nozzle also carries out pluraHines 
arrangementand when the composition which arranges a common fluid chamber on 
both sides of each fluid chamber is adoptedthe technical problem that the width of a 
head is enlarged occurs. 

[0008]If it is in the head which joined the 1st substrate and the 2nd substrate like the 
conventional ink jet head mentioned abovewhen the channel which penetrates the 
joining interface of the 1st substrate and the 2nd substrate is providedthe plane of 
composition will be exposed to ink. 



[0009]Howeverthe present ink has much about [ the goodness of a color system and 
not only a paints system but the characteristicssuch as the color enhancementto ] 
pH nine to 1 1 Alkalinitylnc.and such alkaline high ink is used. On the other handsince 
it becomes junction of dissimilar materialssuch as siliconsilicon oxideor glassa detailed 
crevice tends to be made as for the joining interface using direct junction and anode 
joining to the joining interface from the soluble difference to ink. If it becomes sothe 
crevice will be eluted more greatly (corrosion)and will goink will flow even into the gap 
of an electrode section required for an electrostatic drive finallyand the technical 
problem of stopping achieving the function as a head will arise as known as crevice 
corrosion. 

[0010]This invention is made in view of the above-mentioned pointand it aims at 
improving ******-proofattaining the miniaturization of attaining the miniaturization of 
a headand a head. 
[0011] 

[Means for Solving the Problem]In order to solve the above-mentioned technical 
problema droplet discharge head concerning this invention laminates the 1st substrate 
that provides a diaphragmand the 2nd substrate that establishes a driving meansand 
provides a channel which penetrates these 1st substrate and 2nd substrate. 
[0012]Herethe 1st substrate and the 2nd substrate can be formed from a silicon 
substrateand these 1st substrate and 2nd substrate can be directly joined via an 
oxide film. The 1st substrate can be formed by a silicon substratethe 2nd substrate 
can be formed with a glass substrateand anode joining of these 1st substrate and 2nd 
substrate can be carried out. 

[001 3]A metal membranea film of a metaled nitridea film of a metaled oxideor these 
things [ forming two or more cascade screenseven if small ] of inside [ it is a wall 
surface of a channel ] are preferred to a joining interface of the 1st substrate and the 
2nd substrate at least. Or a thing of the wall surfaces of a channel for which a resin 
layer is formed in a joining interface of the 1st substrate and the 2nd substrate at 
least is preferred. Or a thing of the wall surfaces of a channel for which silicon oxide 
is formed in a joining interface of the 1st substrate and the 2nd substrate at least is 
preferred. In this caseit is preferred that thickness of silicon oxide does not exceed 
500 nm. 

[0014]Each of these droplet discharge heads have a diaphragm which forms a wall 
surface of a regurgitation roomand an electrode which counters this diaphragmand 
can use it as an electrostatic type head which carries out deformed displacement of 
the diaphragm by electrostatic forceand makes a drop breathe out. 
[0015] 

[Embodiment of the Invention]Hereafteran embodiment of the invention is described 
with reference to an accompanying drawing. The section explanatory view of the 
diaphragm longitudinal direction of the head and drawing 3 of the decomposition 
strabism explanatory view of the ink jet head which requires drawing 1 f or a 1st 



embodiment of this inventionand drawing 2 are the important section expanded 
sectional views of the direction of the diaphragm shorter side of the head. 
[0016]The passage substrate 1 which is the 1st substrate with which the single 
crystal silicon substrate of crystal face orientation (110) was used for this ink jet 
headThe electrode substrate 2 which is the crystal face orientation (110) established 
in this passage substrate 1 bottomor the 2nd substrate using the single crystal silicon 
substrate of (100)It has the nozzle plate 3 which is the 3rd substrate formed in the 
passage substrate 1 upper partand the common fluid chamber 8 etc. which are open 
for free passage via the flow-resistance part 7 which served as the ink feed path are 
formed in two or more nozzles 4 which carry out the regurgitation of the ink 
dropletthe regurgitation room 6 which is the ink passages which each nozzle 4 opens 
for free passageand each regurgitation room 6. 

[0017]The crevice which forms the diaphragm 10 (it serves as the electrode) which 
makes the pars basilaris ossis occipitalis which are two or more regurgitation rooms 6 
which the nozzle 4 opens for free passageand a wall surface of this regurgitation room 
6 is formed in the passage substrate 1. Beforehand this passage substrate 1 at 
diaphragm thickness to the silicon substrate which has a fieldfor example (110) A high 
concentration P type impurityFor exampleby carrying out anisotropic etching of the 
crevice used as the regurgitation room 6 using etching reagentssuch as KOH 
solutionafter forming the high concentration boron diffusion layer which pours in high 
concentration boron and turns into an etching stop layer and joining to the electrode 
substrate 2 directlySince a high concentration boron diffusion layer turns into an 
etching stop layer at this timethis forms the diaphragm 10 in high degree of accuracy. 
[0018]Form the oxidizing zone 2a in the electrode substrate 2 by a thermal oxidation 
method etc. using the single crystal silicon substrate of a p type or a n typeand the 
crevice 14 is formed in this oxidizing zone 2aThe electrode 15 which counters the 
diaphragm 10 is formed in this crevice 14 bottomthe gap 16 is formed between the 
diaphragm 10 and the electrode 15and these diaphragms 10 and electrodes 15 
constitute the actuator section (driving means). 

[0019]In the electrode 15 surfacethe insulator layer 17 which consists of nitride 
system insulator layerssuch as oxide film system insulator layerssuch as a Si0 2 
filmand an Si 3 N 4 filmis formed. An insulator layer can also be formed in the diaphragm 
10 side without forming the insulator layer 17 in the electrode 15 surface. As the 
electrode 15 of the electrode substrate 2the polycrystalline silicon material etc. which 
were low-resistance-ized with refractory metalssuch as metallic materialssuch as 
gold or aluminum usually used generally in the formation process of a semiconductor 
deviceCrand nickelTiTiNWor an impurity can be used. 

[0020]And these passage substrates 1 and electrode substrates 2 are directly joined 
by junction of silicon silicon. The through hole 19 used as the ink feed opening 9 
which leads to the common fluid chamber 8 is formed in these passage substrates 1 
and electrode substrates 2. The highly precise crevice by anisotropic etching can be 



formed by [ of the passage substrate 1 and the electrode substrate 2 ] forming ** by 
a silicon substrate someday. 

[0021]While forming many nozzles [ two rows of] 4the slot which forms the flow- 
resistance part 7 for opening the common fluid chamber 8 and the regurgitation room 
6 for free passage is formed in the nozzle plate 3. To this nozzle plate 4water 
repellent coating is formed in the ink discharge side. The nickel plating film according 
[ the nozzle plate 3 ] to a stainless steel board (SUS) and an electroforming 
(electrocasting) construction methodWhat carried out excimer laser processing to 
resinsuch as polyimidethe thing which carried out hole processing to the metal plate 
by press working of sheet metalthe thing which laminated the metal layer and the 
resin layeretc. can be used. 

[0022]This ink jet head arranges two rows of nozzles 4arranges the regurgitation room 
6the diaphragm 10two rows of electrodes 15etc. corresponding to each of this nozzle 
4and arranges the common fluid chamber 8 in the center section (head center 
section) of each nozzle rowThe composition which distributes and supplies ink to the 
regurgitation room 6 on either side from the common fluid chamber 8 by forming the 
through hole 19 used as the ink feed opening 9 which supplies ink to this common 
fluid chamber 8 is adopted. 

[0023]Ink supply in each regurgitation room 6 can be distributed uniformly by 
thisWithout receiving most buffers of the driving state of each regurgitation roomthe 
uniform expulsion-of-an-ink-droplet characteristic can be securedthe multinozzle 
head which has many nozzles 4 by an easy head configuration can be constitutedand 
miniaturization and low cost-ization can be attained. An ink feed opening can be 
secured widelythe variation in inflow resistance decreasesand the regurgitation 
characteristic is stabilized. 

[0024]And the electrode 15 was installed outsidewas made into the terminal area 
(electrode pad part) 15aand has connected to this the FPC cable which carries the 
driver IC which is a head drive circuit with a wire bond via an anisotropic conducting 
film etc. 

[0025]In the ink jet head constituted in this wayBy using the diaphragm 10 as a 
common electrode and impressing a driving waveform between the diaphragm 10 and 
the electrode 15 by using the electrode 15 as an individual electrodeelectrostatic 
force (electrostatic suction force) occurs between the diaphragm 10 and the 
electrode 15and the diaphragm 10 carries out deformed displacement to the electrode 
15 side. Since the content volume of the regurgitation room 6 is extended and internal 
pressure falls by thisthe regurgitation room 6 is filled up with ink from the common 
fluid chamber 8 via the flow-resistance part 7. 
[0026]Subsequentlyif the voltage impressing to the electrode 15 is 
severec | e | ec trostatic force will stop acting and the elasticity which itself has will 
restore the diaphragm 10. The internal pressure of the regurgitation room 6 rises with 
this operationand an ink droplet is breathed out from the nozzle 4. If voltage is again 



impressed to an electrodeagaina diaphragm will be drawn in the electrode side by the 
electrostatic suction forceand will shift to the following expulsion-of-an-ink-droplet 
process with it. 

[0027]Nextthe ink jet head concerning a 2nd embodiment of this invention is explained 
with reference to drawing 4 . The figure is a section explanatory view of the diaphragm 
longitudinal direction of the head. This embodiment forms the silicon oxide 31 in the 
field which touches ink including the joining interface of the passage substrate 1 and 
the electrode substrate 2 used as the ink feed opening 9 to the common fluid 
chamber 8such as a wall surface of the through hole 19and the regurgitation room 
side of the diaphragm 10by a thermal oxidation method. 

[0028]In this caseas for the thickness of the silicon oxide 31 it is preferred not to 
exceed 500 nm. That iswhen forming the silicon oxide 31 in the wall surface of the 
through hole 19 and the silicon oxide 31 is formed also in the field by the side of the 
regurgitation room of the diaphragm 10there is a possibility that the diaphragm 10 
may change into the diaphragm 10 with the stress of the another side silicon oxide 31 
of what can give ink-proof nature. When the thickness of the diaphragm 10 was 2 
micrometers or less and the thickness of the silicon oxide 31 exceeded 500 nm 
according to the experimentit checked that influence arose in an oscillation 
characteristic. Thenas for the thickness of the silicon oxide 3 1 it is preferred to use 
500 nm or less. 

[0029]Thusby forming the silicon oxide 21 in a portion including the joining interface 
of the passage substrate 1 of the ink feed opening 9and the electrode substrate 
2Even when the through hole 19 which penetrates the passage substrate 1 and the 
electrode substrate 2 is formedthe crevice corrosion in the ink in the joining interface 
of the passage substrate 1 and the electrode substrate 2 is preventedand temporal 
reliability improves. 

[0030]Nextthe ink jet head concerning a 3rd embodiment of this invention is explained 
with reference to drawing 5 . The figure is a section explanatory view of the diaphragm 
longitudinal direction of the head. This embodiment formed the electrode substrate 22 
which is the 2nd substrate using the Pyrex glass (boro-silicated glass) boardand has 
joined the passage substrate 1 which consists of a silicon substrate which is the 1st 
substrateand the electrode substrate 22 which is the 2nd substrate by anode joining. 
[0031 ]And the resin layer 23 which becomes a wall surface of the through hole 19 
including the joining interface of the passage substrate 1 and the electrode substrate 
2 used as the ink feed opening 9 to the common fluid chamber 8 from an epoxy resin 
is formed. As this epoxy resinthe 1 liquid hardening type epoxy adhesive of 
hypoviscosity was used. While being able to carry out the spreading formation of the 
resin layer 23 simple by thisroom temperature setting also becomes possible. 
[0032]Thuslow cost-ization can be attained by using a glass substrate for the 2nd 
substrate. By forming the resin layer 23 in a portion including the joining interface of 
the passage substrate 1 of the ink feed opening 9and the electrode substrate 2Even 



when the through hole 19 which penetrates the passage substrate 1 and the 
electrode substrate 2 is formedthe crevice corrosion in the ink in the joining interface 
of the passage substrate 1 and the electrode substrate 2 is preventedand temporal 
reliability improves. 

[0033]Nextthe ink jet head concerning a 4th embodiment of this invention is explained 
with reference to drawing 6 . The figure is a section explanatory view of the diaphragm 
longitudinal direction of the head. This embodiment forms the titanium nitride (TiN) 
film 25 in the wall surface of the through hole 19 used as the ink feed opening 9 to 
the common fluid chamber 8 by a sputtering technique etc. 

[0034]Thusby forming the titanium nitride film 25 in a portion including the joining 
interface of the passage substrate 1 of the ink feed opening 9and the electrode 
substrate 2Even when the through hole 19 which penetrates the passage substrate 1 
and the electrode substrate 2 is formedthe crevice corrosion in the ink in the joining 
interface of the passage substrate 1 and the electrode substrate 2 is preventedand 
temporal reliability improves. Especially a TiN film has high tolerance to alkaline inkand 
is effective to various coloring materials (a colorpaintsetc). 

[0035]Nextthe ink jet head concerning a 5th embodiment of this invention is explained 
with reference to drawing 7 . The figure is a section explanatory view of the diaphragm 
longitudinal direction of the head. This embodiment uses the plating method for the 
wall surface of the through hole 19 used as the ink feed opening 9 to the common 
fluid chamber 8and forms the nickel (or Cr) film 26. 

[0036]Thusby forming the plating films 26such as nickel and Crin a portion including 
the joining interface of the passage substrate 1 of the ink feed opening 9and the 
electrode substrate 2Even when the through hole 19 which penetrates the passage 
substrate 1 and the electrode substrate 2 is formedthe crevice corrosion in the ink in 
the joining interface of the passage substrate 1 and the electrode substrate 2 is 
preventedand temporal reliability improves. Membranes can be uniformly formed also 
to the shape of complicated surface type by forming a metal membrane by an 
electroless deposition method especially. 

[0037]In this casein order to prevent the pin hole defects of a plating filmwhen 
forming as monolayerit is preferred that thickness shall be 1 micrometers or more. 
When forming a plating film thinlyforming on the silicon oxide mentioned above is 
preferred. By forming a metal oxidizing zone or a nitride layer for the plating film 
which formed membranes oxidation or by carrying out nitriding treatmentpin hole 
defects can be prevented and a precise film can be formed. 
[0038] Namely it replaces with the titanium nitride film 25 mentioned above or the 
plating film of nickel or CrThe cascade screen of two or more films of metal 
membranessuch as TialuminumSiand Zrthe film of the nitride of these metalthe film of 
the oxide of these metal or a metal membranea nitriding metal membraneand a metal 
oxide film can also be formed. 

[0039]Nextthe manufacturing process of the ink jet head of a 2nd embodiment is 



explained with reference to drawing 8 thru/or drawing 1 1 . The part is expanded and 
shown although drawing 10 and drawing 1 1 are the processes of following the process 
of drawing 9 . Firstthe manufacturing method of the electrode substrate 2 is explained. 
As shown in drawing 8 (a)a plane direction forms the silicon oxide 2a which turns into 
a protective film by a wet or dry thermal oxidation method on the electrode substrate 
2 which is (110) or (100) at a thickness of about 2 micrometers with the p type single 
crystal silicon currently sold as a low resistance article. 

[0040]The thickness of this oxide film 2a should just be thickness from which the 
electrical insulation of the electrode 15 and a silicon wafer is securedand about 1-3 
micrometers is suitable for it. Although the p type single crystal silicon substrate 
which has come out to the commercial scene cheaply was used hereit may be a n 
type substrate. 

[0041]Thenas shown in the figure (b)apply photoresist to the wafer used as the 
electrode substrate 2perform patterning for forming an electrodeand this photoresist 
pattern is used as a maskThe crevice 14 which is an electrode formation slot is dug 
deep to the silicon oxide 2a using the hydrogen fluoride solutions (for exampleDaikin 
Industries:BHF-63U (trade name) etc.) containing buffer ingredientssuch as 
ammonium fluoride. 

[0042]The crevice 14 at this time will dig deep and quantity (depth) will dig deep only 
the part which added the amount of space required between the thickness of an 
electrode materialand the electrode 15 and the diaphragm 10 (gap length), it digs deep 
at this timeand with about 1 micrometer or lesssince there is little quantityit is based 
on the wet etching using a hydrogen fluoride solution — it also sets to dig deepand it 
digs deep within a wafer surface and dispersion in quantity is made very small. 
[0043]Thenas shown in the figure (c)the polycrystalline silicon film used as an 
electrode material is deposited on a thickness of about 300 nmdesired electrode 
shape is processed using the technique of photo etchingand the electrode 15 is 
formed in the crevice 14 bottom. Although the polysilicon in which the impurity was 
doped was used for the electrode 15 herea refractory metal may be used and it is 
good also considering conductive ceramics like titanium nitride as an electrode. 
[0044]Thenas shown in the figure (d)the oxide film on the electrode substrate 2 is 
depositedand the protective film 1 7 for protecting the electrode 1 5 is formed by 
patterning this oxide film. 

[0045]On the other handas shown in drawing 9 (a)the silicon substrate 31 of double- 
sided polish which has p type polarity as the passage substrate land has a plane 
direction of (1 10) was used. Such a purpose of using a silicon substrate is for using 
the field anisotropy of the etch rate at the time of the wet etching of siliconand 
acquiring institutional good working shape. You activate this after pouring high- 
concentration boron into both sides which turn into a plane of composition of this 
silicon substrate (more than a 5x10 19 atom / cm 3 )you make it spread to the 
predetermined depth (thickness of a diaphragm)and the high concentration boron 



diffusion layer 32 is formed. 

[0046]Although the solid diffusion method which used boron glass was used for 
pouring of an impuritypouring diffusion of the boron may be carried out by ion 
implantationthe method of applying impurity glassetc. The substrate which carried out 
EPI growth of the silicon may be used on a high-concentration-impurities board. 
[0047]And mirror polishing of both sides of the silicon wafer which diffused the 
impurity is carried out by methodssuch as CMPand the surface roughness is 
processed into 0.2 nm or less with a Ra value. It may be for amending that the 
surface of this of a silicon wafer is ruined by pouring diffusion of an impurityand about 
0.01 micrometer of the polishing quantity may be sufficient. This polishing quantity is 
completely the same as the construction method of the last polish finishing of a 
silicon waferand can be finished with very sufficient accuracy. 
[0048]Thenthe silicon substrate 31 and the electrode substrate 2 are joined. For 
exampleafter washing each substrates 31 and 2 using the substrate cleaning method 
learned for RCA washingit is immersed in the heat mixed liquor of sulfuric acid and 
hydrogen peroxide solutionand is considered as the surface state which is easy to 
carry out junction by carrying out hydrophilization of the plane of composition directly. 
[0049]and these substrates 31 and 2 — an orientation flat portion — use — or the 
alignment mark is prepared beforehandand each substrates 31 and 2 are adjusted and 
it joins. The substrates 31 and 2 which alignment completed are introduced into a 
vacuum chamberand it decompresses until it becomes a degree of vacuum below 
1x10 " 3 mbar. 

[0050]Thenthe Puri junction is completed by pressing down each wafer in the state 
where alignment of each substrates 31 and 2 does not shift. At this timeit presses 
down so that a position gap may not be carried outand it is important for thrust to 
give distortion to the substrates 31 and 2 or to press down strongly in the range 
which does not cause a position gap. 

[0051]900 ** of wafers pasted together were calcinated under a nitrogen gas 
atmosphere after this for 2 hoursand firm junction was acquired. If the calcination 
temperature at this time is an 800-12000 ** temperature requirementsufficient 
intensity which can bear a next cutting polishing process will be obtained. Thereforeit 
can carry out by the temperature selection which neither the kind of electrode 
material nor re-diffusion of an impurity generates. 

[0052]Nextafter cooling a junction wafer naturallyas shown in the figure (b)the 
thickness of the silicon substrate 31 shall be even about 100 micrometers thinly (it is 
low about fluid chamber height) by grinding of the silicon substrate 31polishCMPor 
other means. Such an interface directly joined by junction even if it was mechanical 
and physical or made thickness of the wafer thin with the chemical method does not 
exfoliateor it is not destroyed. Hereit ground targeting fluid chamber 95**5 
micrometers in heightand even if it performed fluid chamber processingit did not 
become a problem at all. 



[0053]The fluid chamber height at this time is decided in consideration of the 
influence of the cross talk between the bits which adjoin the part which works as a 
flow resistance by the fluid chamber having become small. Since it is decided from the 
viscosity of the ink to be usedthe drop measure of an ink droplet to injectetc.this 
cannot be decided uniquely. According to the experimentwhen pigment ink was usedit 
checked that the characteristic as which especially near 90 micrometer may be 
sufficient could be obtained with a fluid chamber height of 50-100 micrometers in 
between. 

[0054]Thenas shown in the figure (c)after heat-treating a substrate and forming a 
buffer oxide film in a thickness of about 50 nmthe silicon nitride films 34a and 34b 
used as the etching barrier layer in a post process are formed in a thickness of about 
100 nm by methodssuch as CVD. And as shown in the figure (d)the pattern of the 
silicon nitride film 34b which is on the electrode substrate 2 side with the ink feed 
opening 9 is formed to the electrode pattern of the electrode substrate 2 using an 
infrared alignment method etc. 

[0055]Thenthis substrate is immersed into a high-concentration pottasium hydroxide 
solution (for example30% concentration KOH solution heated at 80 **)and it etches 
into the shape of the desired ink feed opening 9 by performing anisotropic etching of 
silicon (electrode substrate 2). At this timethe shape of the ink feed opening 9 is 
formed in self align of the crystallinity of the silicon of the electrode substrate 2. 
Etching at this time stops in self-focusing by the silicon oxide which exists in a plane 
of composition with the silicon substrate 31. 

[0056]Nextas shown in drawing 10 (a)to the silicon nitride film 34a on the silicon 
substrate 31. The pattern used as the portion corresponding to the fluid chamber 
6the common fluid chamber 8and the electrode pad 15a is patterned by photo 
lithographyThe silicon substrate 31 is immersed into said high-concentration 
potassium hydrate (KOH) solutionand the desired fluid chamber 6the common fluid 
chamber 8a pad opening corresponding pointetc. are formed by performing anisotropic 
etching of silicon. At this timea dirty rate falls to the high concentration boron layer 
32 rapidlythe diaphragm 10 which consists of the high concentration boron layer 32 by 
this is formed with high precisionand the anisotropic etching can obtain the passage 
substrate 1. 

[0057]Although the ink feed opening 9 side which carried out the opening previously 
will be again exposed to an etching reagent at this timesince etching is controlled by 
the crystal anisotropy of siliconre-etching hardly takes place and does not change the 
shape of the ink feed opening 9 by it. 

[0058]Subsequentlyas were shown in the figure (b)and silicon oxide was removed and 
it was shown in the figure (c) with a fluoric acid solutionthe high concentration boron 
layer 32 which remains in the ink feed opening 9 by methodssuch as dry etchingwas 
removedand the ink feed opening 9 was completed. 

[0059]Nextas shown in drawing 1 1 (a)the whole substrate is oxidized by wet oxidation 



and the silicon oxide 21 is formed in the surface. Here950 ** of silicon oxide 21 was 
uniformly formed in the entire substrate by oxidizing for 30 minutes in hydrogen and 
an oxygen mixed atmosphere. The thickness of the silicon oxide 21 at this time was 
400 nm. As this is mentioned abovewhile giving ink-proof nature to the diaphragm 10 
surface because the silicon oxide 21 forms also on the passage substrate 1 
surfacewith the stress which the silicon oxide 21 hasdiaphragm 10 the very thing 
changes and things are prevented. 

[0060]Since it oxidizes so that the silicon oxide 21 may grow up to be also a joining 
interface of the passage substrate 1 and the electrode substrate 2 which attend the 
wall surface of the ink feed opening 9 and a joining interface may be covered by this 
processinga joining interface can be prevented from being exposed to ink. 
[0061]Finallyas shown in the figure (b)the nozzle plate 3 which carries out the etching 
opening of the high concentration boron layer 32 corresponding to the electrode pad 
part 15aand does not illustrate it by the method of mask etching including the silicon 
oxide 21 is joinedand a desired ink jet head is completed. 
[0062]Nextthe manufacturing process of the ink jet head concerning a 3rd 
embodiment is explained. This 3rd embodiment uses an electrode substrate as a glass 
substratea resin layer is formed in an ink feed opening wall surfaceand since the 
fundamental manufacturing process is the same as that of the above drawing 8 thru/or 
drawing 1 1 are applied correspondingly about a figure. 

[0063]Firstusing borosilicate glass substrates (for exampleCorning 7740Inc.a trade 
nameetc.) as a glass substrate used as the electrode substrate 22photoresist is 
applied on this glass substrate and patterning for forming the electrode 15 is 
performed. And the crevice 14 which becomes a glass substrate with an electrode 
formation slot is dug deep by using this photoresist pattern as a mask using the 
hydrogen fluoride solution (for exampletrade namessuch as Daikin Industries:BHF- 
63U) containing buffer ingredientssuch as ammonium fluoride. 

[0064]The crevice 14 at this time will dig deep and quantity (depth) will dig deep only 
the part which added the amount of space required between the thickness of an 
electrode materialand the electrode 15 and the diaphragm 10 (gap length), it digs deep 
at this timeand with about 1 micrometer or lesssince there is little quantityit is based 
on the wet etching using a hydrogen fluoride solution — it also sets to dig deepand it 
digs deep within a wafer surface and dispersion in quantity is made very small. 
[0065]Thenthe metal membrane (for exampleNi film) used as an electrode material is 
deposited on a thickness of about 300 nmdesired electrode shape is processed using 
the technique of photo etchingand the electrode 15 is formed in the crevice 14 
bottom. Herealthough the metallic material was used for the electrode 15it is good 
also considering conductive ceramics like titanium nitride as an electrode. Thenthe 
oxide film for electrode protection is deposited and the protective film 17 is formed. 
[0066]Thenthe silicon substrate in which the high concentration boron layer used as 
the passage substrate 1 was formed is joined by anode joining on a glass substrate. 



Each substrate is specifically washed using the substrate cleaning method learned for 
RCA washingand it is considered as the surface state which is easy to join by 
carrying out hydrophilization of the plane of composition, these substrates — an 
orientation flat portion — use — or the alignment mark is prepared beforehandand 
each substrate is adjusted and it joins. The substrate which alignment completed is 
introduced into a vacuum chamberand it decompresses until it becomes a degree of 
vacuum below 1x10 " 3 mbar. 

[0067]Thenit heated until it pressed down each substrate and became 350 ** in the 
state where alignment of each substrate does not shift. Between the silicon substrate 
and the borosilicate glass substratethe electric field of 300V was added and both 
boards were firmly stuck by anode joining. After holding for 15 minutes in this 
statejunction was ended by cooling over many hours slowly. 

[0068]Nextgrinding and polish of the silicon substrate used as the passage substrate 
1 were performedand the thickness of the silicon substrate was even about 100 
micrometers thinly (it is low about fluid chamber height) by polishgrindingCMPor other 
means. Thenthe silicon nitride film used as the etching barrier layer in a post process 
is formed in a thickness of about 100 nm by methodssuch as CVD. 
[0069]Subsequentlythe pattern which becomes a silicon nitride film by the side of an 
electrode substrate with the ink feed opening 9 is formed to the electrode pattern of 
the electrode substrate 22 (since it is a glass substratealignment is possible). And the 
shape of the desired ink feed opening 9 is processed to this pattern using a diamond 
drill etc. 

[0070]Thenthe pattern of the portion corresponding to the fluid chamber 6the 
common fluid chamber 8and the electrode pad 15a is patterned after the silicon 
nitride film by the side of a silicon substrate by photo lithography. Furthermorethis 
substrate is immersed into a high-concentration pottasium hydroxide solution nextand 
the passage substrate 1 which has desired fluid chamber 6common fluid chamber 
8pad **** positive feeling corresponding pointand diaphragm 10 by performing 
anisotropic etching of silicon is obtained. 

[0071] Although the ink feed opening 9 by the side of the electrode substrate 22 which 
carried out the opening previously will be exposed to an etching reagent at this 
timesince most glass substrates are not etchedthey do not change shape. And the 
high concentration boron layer which remains in the feed hopper 9 by methodssuch as 
dry etchingis removedand the ink feed opening 9 is made to penetrate. 
[0072]Nextas drawing 5 explainedan epoxy resin is applied to the wall surface of the 
ink feed opening 9 which carried out the openingand the resin layer 23 is formed. The 
1 liquid hardening type epoxy adhesive of hypoviscosity was used for the epoxy resin 
m Used at this time. By thisit can apply simple and room temperature setting also 
becomes possible. 

[0073]The joining interface of the passage substrate 1 and the electrode substrate 22 
is covered with this processing with an epoxy resin (resin layer 23)and the permeate 



lump to the joining interface depended for ink to sink in can be prevented by it. It is 
lost by this that a joining interface is exposed to ink. 

[0074]Although the diaphragm displacement direction and the direction of expulsion of 
an ink droplet applied this invention to the ink jet head of the side shooter method 
which becomes the same in each above-mentioned embodimentlt is applicable also 
like the ink jet head of the edge shooter method which intersects perpendicularly with 
a diaphragm displacement direction and the direction of expulsion of an ink droplet. It 
is applicable to the droplet discharge head etc. which make not only an ink jet head 
but fluid resist etc. breathe out. Although the diaphragm and the fluid chamber board 
were formed from the same boarda diaphragm and a fluid chamber board can be used 
as a different bodyand it can also join. It can apply to the thing using electric machine 
sensing elementssuch as a piezoelectric elementas a driving meansor the thing using 
a heating resistor further again. 
[0075] 

[Effect of the Invention]Since the channel which laminates the 1st substrate that 
provides a diaphragmand the 2nd substrate that establishes a driving meansand 
penetrates these 1st substrate and 2nd substrate was provided according to the 
droplet discharge head concerning this invention as explained aboveWhile the fluid 
supply from a head rear face is attainedit can distribute to both sidesand the 
miniaturization of a head can be attainedand low cost-ization can be attained. 
[0076]Herea head with high process tolerance can be obtained by forming the 1st 
substrate and the 2nd substrate from a silicon substrateand joining these 1st 
substrate and 2nd substrate directly via an oxide film. The 1st substrate can be 
formed by a silicon substratethe 2nd substrate can be formed with a glass 
substrateand these 1st substrate and 2nd substrate can obtain the head of low cost 
by carrying out anode joining. 

[0077]Inside [ it is a wall surface of a channel ] can prevent a permeate lump of the 
fluid to a joining interface to the joining interface of the 1st substrate and the 2nd 
substrate at least a metal membranethe film of a metaled nitridethe film of a metaled 
oxideor by [ these ] forming two or more cascade screenseven if smalland reliability 
can be improved. 

[0078]Or by [ of the wall surfaces of a channel ] forming a resin layer in the joining 
interface of the 1st substrate and the 2nd substrate at leasta permeate lump of the 
fluid to a joining interface can be preventedand reliability can be improved. 
[0079]Or by [ of the wall surfaces of a channel ] forming silicon oxide in the joining 
interface of the 1st substrate and the 2nd substrate at leasta permeate lump of the 
fluid to a joining interface can be preventedand reliability can be improved. In this 
casechange of the displacement characteristic of a diaphragm can be prevented by 
keeping the thickness of silicon oxide from exceeding 500 nm. 

[0080]High degree of accuracy and a high-density and small head can be obtained by 
considering it as the electrostatic type head which each of these droplet discharge 



heads have [ head ] a diaphragm which forms the wall surface of a regurgitation 
roomand an electrode which counters this diaphragmcarries out deformed 
displacement of the diaphragm by electrostatic forceand makes a drop breathe out. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The decomposition strabism explanatory view of the ink jet head 
concerning a 1st embodiment of this invention 

[Drawing 2j The section explanatory view of the diaphragm longitudinal direction of the 
head 

[Drawing 3] The important section expanded sectional view of the direction of the 
diaphragm shorter side of the head 

[Drawing 4] The section explanatory view of the diaphragm longitudinal direction of the 
ink jet head concerning a 2nd embodiment of this invention 

[Drawing 5] The section explanatory view of the diaphragm longitudinal direction of the 
ink jet head concerning a 3rd embodiment of this invention 

[Drawing 6] The section explanatory view of the diaphragm longitudinal direction of the 
ink jet head concerning a 4th embodiment of this invention 

[Drawing 7] The section explanatory view of the diaphragm longitudinal direction of the 
ink jet head concerning a 5th embodiment of this invention 

[Drawing 8] The explanatory view with which explanation of the manufacturing process 
of the ink jet head of a 1st embodiment is presented 

[Drawing 9] The explanatory view with which explanation of the manufacturing process 
following drawing 8 is presented 

[Drawing 10] The explanatory view with which explanation of the manufacturing 
process following drawing 9 is presented 

[Drawing 1 1] The explanatory view with which explanation of the manufacturing 
process following drawing 10 is presented 
[Description of Notations] 

1 [ — A nozzle6 / — A regurgitation room7 / — A flow-resistance part8 / — A 
common fluid chamber9 / — An ink feed openinglO / — A diaphragm14 / — A 
crevice21 / — Silicon oxide23 / — A resin Iayer25 / — A titanium nitride film26 / — 
Plating film. ] — A passage substrate222 — An electrode substrate3 — A nozzle 
plate4 



